This paper identifies 10 common 'mistakes' in developing and using forest biodiversity indicators from the standpoint of making better forest management choices. The mistakes relate to a failure to clarify the values-basis for indicator selection and a failure to integrate science and values to design indicators that are concise, relevant and meaningful to decision makers. The combined effects of these ten mistakes include inconsistent and indefensible on-ground management strategies and hidden trade-offs at a policy level. They result in frustrated professionals, a confused public, an inability to assess performance with respect to key forest policy objectives and, almost certainly, types and amounts of biodiversity conservation that fail to achieve either scientifically or socially preferred levels. Correcting the mistakes will help to address these problems and, more generally, recognizes the need to better understand the interface between science, public values, and decision making. q
Introduction
The conservation and enhancement of biodiversity is a key objective of forest and park management policies throughout North America. Forest and conservation managers working for government agencies, private industry, or non-governmental organizations need to understand how far society is willing to go to protect and enhance biodiversity in the context of other investment options, and they need to compare the relative benefits of biodiversity investments with those of other investments in sustainable forest management (i.e. given limited resources, there are opportunity costs associated with biodiversity investments). Developing this understanding requires insight into how biodiversity is defined, how it is measured, why it is important, which forest management practices contribute most to its conservation, interactions between those practices and other objectives (social, economic, environmental) , and what ecosystem, social, and political responses are most likely to result from specified biodiversity conservation practices.
No stakeholder, technical or non-technical, can meaningfully contribute to the debate about what actions should be taken to protect biodiversity without this basic understanding. The use of indicators is critical in gaining this understanding. As governments, communities and forest companies move toward certification (formal standards signifying that a forest management system and the forest to which it is applied have met an agreed set of standards) and performance-based tracking, clarification of the way people think about and use biodiversity indicators will be critical. As the public demands greater transparency and accountability in decision making related to the management of forests, parks and protected areas, there is a need for clarification of the respective goals of scientists and the public as part of a democratic risk-management process. Balancing the insights of science with the insights of public values in establishing forest policy has important implications for the definition and use of biodiversity indicators.
In this paper, we identify ten common 'mistakes' in developing and using forest biodiversity indicators from the standpoint of making better choices. We are not experts in the science of biodiversity; our analysis is based on our experience with the decision sciences and environmental policy. The intent is not to criticize the science underlying indicator development-there are many examples of thoughtful approaches to indicators in the literature-but to identify opportunities, as seen by decision makers, to better integrate good science with responsible decision making as part of forest biodiversity management. While we focus on forest biodiversity indicators and forest policy, the discussion is also relevant to parks and conservation management, as well as other sectors of resource management.
The combined effects of the mistakes we identify are not insignificant, including in many cases inconsistent and indefensible on-ground management strategies and hidden trade-offs at a policy level. They result in frustrated professionals, a confused public, an inability to assess performance with respect to key forest policy objectives and, almost certainly, types and amounts of biodiversity conservation that fail to achieve either scientifically or socially preferred levels. Correcting the mistakes will help to address these problems and, more generally, recognizes the need to better understand the interface between science, public values, and decision making.
Ten mistakes in forest biodiversity indicators
Mistakes are a matter of perspective: what makes good sense at one time, or in one assessment context, may make less sense in another time or context. Several of the practices we call 'mistakes' in this paper make good sense from the standpoint of doing careful science but can lead to trouble, and surprising failures in the implementation of biodiversity initiatives, in the context of providing inputs aiding forest policy decisions. Other mistakes only become significant when the decision context is changed from the classic case, in which a single decision maker selects from among a small set of alternatives with known consequences to achieve one or two clearly defined objectives, to the more frequent current situation in which multiple decision makers define complex alternatives covering multiple spatial and temporal scales, with consequences that may be very uncertain and involve controversial trade-offs.
Several of the mistakes stem at least in part from a focus on thinking about indicators as monitoring effects on forest characteristics rather than as decision criteria. In fact, indicators can be used for at least three different purposes: to track performance (results-based management), to discriminate among competing hypotheses (scientific exploration), and to discriminate among alternative policies (decision analysis). Although there is an increased recognition of the need to make monitoring indicators relevant to policy, most programs still tend to focus on performance tracking and hypothesis testing-both important functions, but not necessarily useful for informing immediate management choices. In contrast, indicators can be used as decision criteria, in which case they are explicitly designed to help decision makers discriminate among policy options (Ludwig, 2001 ). When indicators are used as decision criteria, the effect of alternative policies on each indicator is estimated via modeling or expert judgment (usually probabilistically in the absence of perfect information) rather than measured in the field. In some cases, monitoring indicators and decision criteria may be the same; in others, however, they will differ because the needs for monitoring and decision making differ. For example, it may be desirable when monitoring to have an early warning signal so that management action can be taken before it is too late. This might trigger a decision to monitor a species or process that is not a direct endpoint of concern. However, for making choices about potentially costly management practices, information about the endpoint itself is needed in order to accurately value the impact and to assess how much one is willing to pay (in financial or other terms) to avoid it. This distinction between monitoring indicators and decision criteria is a frequent source of confusion in designing appropriate indicators. We highlight it here, as it will clarify some of the discussion that follows.
The mistakes that we discuss in the next sections are relevant at all scales, from a forest stand level to a national or international level. Issues related to scale are perhaps most challenging in the North American context. The discussion draws on the scientific literature on biodiversity indicators, on government standards and systems for biodiversity monitoring, and on our own experience with forest management professionals. While others (e.g. the Canadian Council of Forest Ministers Criteria and Indicators on Sustainable Forest Management in Canada and the Ministerial Conference on the Protection of Forests in Europe (MCPFE)) have defined 'descriptive' or 'policy' indicators that describe the existence of institutional or policy support for biodiversity or other aspects of sustainable forest management, we restrict our discussion to onground indicators of biodiversity.
For the most part, the mistakes identified in this paper involve factors or considerations about which most foresters, ecologists, or biologists have little training or experience. There is a good reason why silvicultural prescriptions and timber-harvest plans are not designed by psychologists or decision scientists or economists: they would overlook important technical considerations, as they have not been appropriately trained. In a similar manner, it is not surprising that most foresters, ecologists, or biologists tend to overlook important technical considerations when designing biodiversity indicators for decision makers: they have not been trained in the decision sciences. This paper attempts to provide some of this necessary background and to infuse what previously has been a predominantly scientific discussion about biodiversity indicators with a decision-oriented and risk-management perspective (Keeney, 1992; Slovic and Gregory, 1999) . The goal is to stimulate dialogue among scientists working on biodiversity indicators, and to contribute to the development of indicators that will be more useful as aids to forest management decisions.
Mistake 1: failing to define endpoints
Ask "why is biodiversity important?" and you will get many answers. These are likely to include the five reasons noted below, which emphasize the role of biodiversity in helping to † preserve ecological services (such as carbon sequestration or hydrology regulation) associated with the composition, structure, and function of ecosystems, as well as the resilience to provide these services into the future; † prevent losses to a targeted species or forest attribute (often a vulnerable or keystone species); † prevent aesthetic losses (associated with what have been termed 'charismatic megafauna' or other losses of recreational quality); † uphold ethical principles of ecosystem-based forest management (associated with a belief in the intrinsic value and rights of all species); † protect and enhance social and economic value, both current and future, derived from industrial, medical, and agricultural uses of species and genes.
Depending on which of these endpoints take precedence, the selection of both appropriate indicators and management strategies could vary significantly. For example, if the fundamental objective is to maintain options to produce social or economic value, then appropriate indicators could be related to genetic diversity or distinctiveness (Oka et al., 2001 ) and management strategies might focus on protected areas for maintaining in situ gene pools or genetically distinct sub-populations. But if the fundamental objective is to preserve ecological services and resilience (Perrings et al., 1994) , then appropriate indicators may be related to primary productivity, or to landscape or ecosystem diversity, with management strategies targeting larger tracts of land than isolated protected areas. Similarly, if the endpoint of biodiversity conservation is the preservation of a small group of targeted species, then indicators related to net forest primary productivity, genetic diversity and even species diversity may be irrelevant or counterproductive.
Failure to define endpoints has important policy implications. Metrick and Weitzman (1996) conducted an analysis of public expenditures and concluded that concern about the fate of a relatively small group of 'charismatic megafauna' dominates decisions about the allocation of public resources for biodiversity in the US. Yet it is not obvious from the literature that the scientific community would feel that a focus on charismatic megafauna is an adequate approach to the conservation of biodiversity. This problem-focusing resources disproportionately on one of several important aspects of biodiversity-is a result of failing to define or distinguish among related but distinct endpoints. A legitimate endpoint has been addressed by policy-protection of charismatic megafauna-but 'biodiversity' may well be on the decline. Bunnell (1997) provides another example of important policy implications of failing to think clearly about endpoints, noting that if the biodiversity endpoint is really genetic diversity, then some management strategies currently adopted in the name of biodiversity may be working against it (policies to maintain connectivity, for example, while supporting species biodiversity, may be detrimental to genetic diversity by overturning the isolation of sub-populations).
Conflicts among multiple biodiversity endpoints are real and have real policy implications. To address this problem, the endpoints need to be explicitly stated, and indicators need to be mapped to the endpoints. This would help decision making in three important ways. First, it would ensure that a logical evaluation framework is developed that accurately describes all the important biodiversity implications without double counting. Second, it would improve communication about biodiversity objectives and build understanding and agreement about the advantages and disadvantages of various policy options. For example, one stakeholder may argue that increasing the number of protected areas is effective as a biodiversity conservation strategy, thinking primarily of preserving the habitat of a particular endangered species; another may argue it is not effective, thinking primarily of preserving ecosystem services such as carbon sequestration. Third, it would make it possible for decision makers to apply their values (i.e. their feelings about what is important) when making biodiversity management choices that involve trade-offs among multiple endpoints.
Mistake 2: mixing means and ends
Ends are the 'things that matter', the 'endpoints', or the 'fundamental objectives'. Means are the policies and management strategies we use to achieve them. Often these are mixed up, and the result is hidden (and, often, inappropriate) trade-offs, misleading performance tracking, and overly prescriptive management strategies.
Once a policy decision is made that reflects an appropriate balance (as determined by societal values) among competing objectives, then specific targets may be set that are designed to deliver the level of performance that has been agreed upon. These targets (e.g. set-asides for specific types of riparian habitats) thus become a means for achieving the desired ends. The means are articulated in terms of specific management actions or, in some cases, forest characteristics (Section 2.3), whereas the ends are articulated in terms of indicators of performance that directly relate to biodiversity or to the services it delivers.
In practice, targets are often set in the absence of explicit decisions about the level of performance that should be achieved and the trade-offs that should be made to support them. In short, means are mixed with ends, and critical policy decisions-decisions that should be driven by societal values-are made behind closed doors. Consider, for example, the British Columbia Biodiversity Guidebook. In its draft form, the Guidebook was estimated to reduce the province's annual allowable cut by 20%. In its final form, it was estimated to reduce it by 7% (BC Ministry of Forests, 1995) . What did British Columbians gain or lose in the transition from draft to final Guidelines? Neither the scientific assumptions about the biodiversity implications, nor the value-based trade-offs between biodiversity and socio-economic performance, were openly scrutinized in light of the fundamental policy ends.
Further, there is a tendency to use conformance with targets as the yardstick of success. This is acceptable at an operational level, but not at a policy level. It is akin to an industrial workplace claiming to have achieved its safety performance targets because it has implemented safetytraining sessions for employees, without any reference to the actual record of lost-time-accidents or fatalities. Or, to take another painfully familiar example, it is akin to a government agency boasting that it has been successful because the annual budget has been fully allocated, without identifying how money was spent or to what extent the fundamental goals of the organization have been advanced.
As a result, frequently if you ask "How well are your forest management policies protecting biodiversity?" you are likely to be told about the status of the 'guidelines' that have been established, based on the 'best available science', to protect biodiversity. You are unlikely to be told about the trade-offs that were made between what the best available science said was good for biodiversity and the resulting financial or socio-economic implications. You may well be told that workshops explaining the guidelines have been held or that targets have been met. None of this provides any information about the status of biodiversity or the efficacy of the guidelines in conserving biodiversity. There is a confusion of means with ends, resulting in an assessment of performance based on standards set with little reference to either good science or public values.
In addition to hiding trade-offs and distorting performance tracking, the mixing of means and ends also results in a highly prescriptive approach to management. As an example, consider the management of spotted owls in Canada's coastal Douglas fir forests. Current rules establish a harvest limit based on a designated percentage of the basal area, yet the science linking this means to the biology of the owl is highly uncertain. Arguably it is sensible to define a hypothesis linking basal area to the health of spotted owls, but the validity of the approach can be assessed only if resources are allocated to evaluate how well it works (e.g. Is the designated percentage correct? Would other relationships provide a better indicator?). Here is the gap. Means (in the form of management targets) are established based on uncertain science, but too often the uncertainty is subsequently ignored, performance is assessed by conformance with the means, and the result is an overly prescriptive approach to management.
Mistake 3: ignoring the management context
Any initiative that asks stakeholders simply to make value judgments about the importance of 'biodiversity' should be rejected. It is a meaningless question-despite the dozens of public opinion and attitudinal surveys that have been designed on this basis-from which few conclusions about management priorities can legitimately be drawn. Such surveys can expose predispositions-for example, to favor the environment over jobs-and we can credit some of them with bringing environmental issues into the forefront of policy debate (Kellert, 1993) . However, there is ample evidence that the choices people make based on actual trade-offs may be significantly different from their stated priorities.
This gap between attitudes (or attitudinal predispositions) and actual behaviors is particularly significant for biodiversity because it is a metaconcept; most definitions (DeLong, 1996) refer to the 'variety of life' at all levels (genes, species, ecosystems) and all spatial scales (microsites, habitat patches, biosphere). Thus biodiversity is not, by definition, a specific forest attribute or forest management objective that can directly be managed. As with other metaconcepts such as sustainability or ecosystem health, biodiversity achieves operative sense only when it is clearly defined and used in context, as a means to inform specific management decisions in specific ecosystems, using specific indicators.
Focusing on the management context necessitates going beyond general definitions to set scale and context-specific management objectives. At this stage managers need to grapple with the difficult question of what is desired. Before biodiversity becomes a manageable objective it may require qualifiers: for example, is the objective to maximize biodiversity among all forest species or only native species? As others have noted, choices such as this are value judgments (biodiversity is not limited to native biodiversity unless so specified) and must be made explicitly, based on the values of designated stakeholders.
This links to the important point that biodiversity, while often assumed to be synonymous with sustainability in forest management, is simply one contributor to sustainable forest management. Biodiversity can be increased in a variety of ways, not all of which necessarily would be interpreted as moving toward greater sustainability depending on how one measures biodiversity. An example is the well-documented positive effect of clear cuts on 'biodiversity'. Biodiversity must be balanced with other equally critical objectives that contribute to sustainable forest management. In some cases, the most sustainable forest management practice may be one that reduces biodiversity, at least temporarily (see the example under Section 2.10 which highlights trade-offs between short and long-term biodiversity and between biodiversity and natural disturbance regimes). It is not obvious that this relationship is commonly recognized, either by scientists or non-scientists. As communities and forest companies move toward certification procedures (at least in North America), the development of a common and realistic understanding of the relationship between biodiversity and sustainable forest management will be critical.
Consistent with this, a decision-science perspective on biodiversity emphasizes that, for both science and policy purposes, objectives must be measurable, understandable, relevant to the policy alternatives under consideration, and sensitive to meaningful thresholds (Gregory and Failing, 2002) . The objective 'to preserve or maximize biodiversity', or even 'to preserve or maximize ecosystem biodiversity,' has no meaning until the specific attributes of biodiversity that are to be managed are defined. Further, what's needed is to clarify which attributes or indicators of biodiversity contribute most to which fundamental ends. This can be best achieved by mapping the indicators to the endpoints visually using means-ends diagrams (Keeney, 1992) , influence diagrams (Schachter, 1986) or, more familiar in a scientific context, impact hypothesis diagrams. In a biodiversity context, a means-ends diagram might link the 'means' (e.g. a management action such as Harvest Plan A) to an indicator (e.g. hectares of old growth forest) to an endpoint (e.g. preservation of spotted owl). In another approach, Schiller et al. (2001) replace individual scientific terms (e.g. foliar chemistry, lichen chemistry, dendrochemistry, and branch evaluations) with 'common language indicators' (e.g. 'contamination of forest plants by air pollution') which have names that convey their significance for fundamental environmental endpoints.
Failure to use context specific indicators has important policy implications, as it leads to evaluability problems for decision makers (Hsee, 1996) . Evaluability problems occur when decision makers receive specific information about an expected impact, but do not have the context to think clearly about the significance of the indicator and weight it accordingly when making trade-offs among other policy objectives. An example is the frequently provided information on the number of species placed at increased risk (e.g. added to lists of 'threatened' or 'endangered' species) as the result of a proposed initiative. Without some context for interpreting this information, most people-scientists and laypersons alike-have trouble making sense of whether the increased risk to 7 species, or 35, or 3, is really all that serious. In the absence of knowing about historical conditions, anticipated trends (in the absence of the project), and the geographic or temporal limits under observation, the evaluability of this seemingly useful information is, in fact, low.
Mistake 4: making lists instead of indicators
In Canada, the most frequently cited set of indicators for biodiversity today are probably those of the Canadian Council of Forest Ministers' Framework for Criteria and Indicators (Canadian Council of Forest Ministers, 1997) . Under this framework, seven criteria, of which the conservation of biological diversity is the first, are divided into 22 elements and 83 indicators. This work is based largely on the 'Montreal Process', at which twelve nations with temperate and boreal forests developed a framework that included seven criteria and 67 indicators for determining the status of the condition of forests. Similar criteria and indicators are currently under development in the US, and others have been developed and used for some time in Europe through the MCPFE initiative. The intent is that, by providing a better system for tracking the scientific underpinnings of biodiversity actions, policy makers and stakeholders will be able to make better-informed decisions about forest management.
Canada published its first biodiversity report card, using this framework, in 2000 (Canadian Council of Forest Ministers, 2000) . Under the heading 'Item 1.1 Ecosystem Diversity,' dozens of statistics are reported: percentage and extent in area of forest types relative to historical conditions and total forest area, percentage and extent of area by forest type and age class, and so forth. All of these statistics presumably describe forest conditions with the potential to affect biodiversity, and could provide important baseline information for future biodiversity analyses. However, it is not possible to discern from the report the net status of ecosystem diversity for any region or ecoregion in Canada, nor do any important trends stand out. In reality, the supposed set of indicators is simply an inventory of the characteristics of Canada's forests.
Both the CCFM and the MCPFE indicator systems also limit their utility for decision making by mixing means and ends; both systems include indicators for whether or not a policy that is perceived to support desirable or sustainable forest management is in place (called 'policy factors' or 'descriptive indicators', respectively). While there is nothing wrong with specifying desirable policies that are believed to support forest biodiversity endpoints, caution must be used in interpretation, as these are reported alongside on-ground indicators intended to provide insight on the actual status of forest biodiversity.
As a vehicle for initiating debate and dialogue on sustainable forest management, the CCFM framework provides a useful first step. As a framework for drawing inferences about the status of the biological diversity and other productive functions of Canada's forests, it is lacking. Most importantly, as a framework for informing decision makers about the merits of alternative forest management policies, it is simply the wrong tool. The main difference between CCFM's inventory (and to a lesser extent the MCPFE's) and an effective decision-management tool is the ability of the latter to inform decision makers about the relative importance of different biodiversity components in a particular management setting, and to report meaningful bottom-line messages about the status of biodiversity.
Alternative frameworks exist for constructing biodiversity indicators (Noss, 1990 (Noss, , 1999 Lindenmayer et al., 2000) and these provide many useful ideas, including suggestions to define indicators at several scales (regional landscape, community/ecosystem, population-species and genetic); to identify compositional, structural and functional components; to define useful indicator groupings (indicator species and structure-based indicators); to create indicators that are ecosystem-specific; to identify specific endpoints (Noss calls them 'sub-end points') to use in selecting appropriate (e.g. context specific) indicators from a larger 'laundry list' of indicators; and to establish ways to monitoring the validity of indicators' linkages to biodiversity. However, many of the proposed indicators remain cumbersome for managers to work with and, by sheer number, retain some of the drawbacks of the 'listing' approach. For example, although measurements of 'predation rates' or 'nutrient cycling rates' (listed under the function category at the community/ecosystem scale) may be useful information to a scientist trying to understand ecosystem processes and define hypotheses, they do not inform a stakeholder or decision maker (or, we suspect, most scientists) about the current status of biodiversity. Nor do such comprehensive listings provide a useful means for discriminating among policy alternatives that affect biodiversity. Without further definition and synthesis (Sections 2.6 and 2.7) and an explicit linkage to the management context and stakeholders' concerns (Section 2.3), they do not (in this raw 'list' form) constitute useful indicators of biodiversity upon which management decisions can be made. Instead, decision makers need a concise summary of biodiversity implications of a proposed policy, so that they can compare them with other bottom-line impacts and make informed choices about the inevitable trade-offs.
Mistake 5: avoiding importance weights for individual indicators
There tends to be resistance to weighting individual indicators of biodiversity, perhaps a result of the feeling that everything is important (and that differential weights somehow undermine this philosophy) or a result of the perceived uncertainties associated with biodiversity components. However, the consequence of failing to assign weights is, by default, a set of indicators with equal weights. Decision makers faced with long lists of equally weighted indicators will likely do one of three things: anchor on one (or just a few) of the more salient indicators with which they have some recent or compelling experience or knowledge (availability bias); adopt a simplifying heuristic of their own invention, such as emphasizing what they think others will miss or, perhaps, what they think others will consider to be correct; or dismiss the whole lot of them, agreeing in principle that they're important but overwhelmed by the complexity of factoring them fully into the decision process.
If multiple indicators are needed to report impacts on biodiversity, then we need to understand the relative importance of each indicator and their relationships, both to each other and to the endpoints. Clarifying relationships among multiple indicators can be accomplished in a variety of ways, such as by creating hierarchies of concerns (so that 'alpine fire-disturbed forests' fit under 'all fire-disturbed forests') or by using analytical tools such as influence diagrams (Schachter, 1986) .
Consider the following set of indicators (for an energy development project proposed in the mid-1990s) as one example of the types of indicators typically presented for biodiversity decisions:
1. area of mixed wood forest of natural origin; 2. area of deciduous-dominated forest of natural origin; 3. area of wetland; 4. area of non-forest vegetation of natural origin; 5. area of forest of anthropogenic origin (e.g. forestry cutblock); 6. area of non-forest of anthropogenic origin (e.g. reclaimed land); 7. density of linear developments (km/km 2 ); 8. density of Crossings of linear developments and watercourses (#/km); 9. number of large forest patches of natural origin (by classes, above); 10. variability in size of forest patches of natural origin; 11. average distance among large forest patches; 12. average edge: area ratio of forest patches; 13. rate of disturbance by wildfire; 14. area by ecosite phase; 15. area of forest by age class (young, mature, old); 16. area of wetland exhibiting patterned fen formation; 17. area of forest with tall trees (. 20 m) It is a mind-numbing task to think about evaluating forest management policies using all of these as equally valued components of biodiversity. Surely some would be more important than others in any specific management context. Other questions raised by this set of indicators include † Is a forest of anthropogenic origin (#5) less important for biodiversity than a forest of natural origin? For biodiversity management, even if one focuses on native biodiversity, it is not clear how distinguishing between natural and anthropogenic origin is useful. Further, when (if ever) does a forest of anthropogenic origin become natural? Such indicators may help to inform decisions about an endpoint other than biodiversity but their inclusion here-in a set of biodiversity indicators-is confusing. The information each provides is useless in the context of biodiversity management unless we clarify how it contributes to, or detracts from, biodiversity initiatives. † Are some of these forest types regionally or provincially scarce? Do some support regionally or provincially scarce species more than others? Do some support a greater diversity or richness of species? In sum, do some of these indicators contribute more to biodiversity than others? † Finally, consider two management or harvest plans, Alternative A and B. If Alternative A results in an average distance among patches (#11) that is better than Alternative B, but an edge to area ratio (#12) that is worse, which is preferable from the perspective of biodiversity? If area of wetland is better but the density of linear development becomes worse, which is preferable? And how is the trade-off to be expressed: How much of an improvement in wetland is necessary to offset a biodiversity loss related to increased density of linear development?
These questions illuminate the need for more structure in the set of indicators and a clearer understanding of how each contributes to the endpoints. Using influence diagrams or 'impact hypothesis diagrams,' for example, every 'indicator' in the list could be represented and accompanied by a documented hypothesis (or a set of competing hypotheses) about the relationship between it and the endpoint. Each indicator could then be assigned a weight to reflect its importance to biodiversity and, in turn, the relative importance of biodiversity to different endpoints. These weights will likely vary depending upon the context. Weighting is a complex task, and must be done by a reputable method, of which there are several (Clemen, 1996; von Winterfeldt and Edwards, 1986 ). In our own work, we have found the 'swing weighting' technique to be particularly useful, in part because it is intuitively appealing and forces an explicit recognition of the anticipated impact range. In most cases, weights can easily be applied and used by forest managers.
There is no question that structuring and weighting is controversial. But from the perspective of helping decision makers to make wiser choices, there is no alternative. Without judgments about relative weights, there is no basis for discriminating among more or less important indicators, and therefore, no sound basis for choosing among alternative policy choices. Controversy over relative weights may arise from differences in scientific opinion regarding the contribution of different attributes to specific endpoints, and also from differences in value judgments about the relative importance of different endpoints. In either case, sensitivity analysis can be used to help clarify where differences in technical opinion or values could affect the ranking of policy options under consideration. Furthermore, under a Bayesian approach (Ellison, 1996) , weights can be revised over time as new information becomes available.
2.6. Mistake 6: avoiding summary indicators or indices because they are considered overly simple
The logical extension of a set of weighted indicators is construction of a summary indicator or index. The construction of a defensible index can be a complex task (Keeney, 1992) . But we do think it appropriate to point out the demand for one, and its potential benefits. Consider the 'GNP', a widely cited summary economic indicator that sums value-added from all sub-sectors of the economy. It is used to track a nation's overall economic activity over time and is an important driver of policy decisions to stimulate the economy. Clearly, it is a gross measure of economic activity, and masks important trade-offs among sectors of the economy. It is sometimes misinterpreted, and assumed erroneously to be an indicator of overall social welfare. When interpreted correctly, however, it is a useful metric for gauging economic activity and has been enormously successful at influencing decision makers and capturing the attention of the public. Inflation indices (which track the weighted sum of price changes in a basket of representative goods and services) are another example of a weighted index that is widely used and very influential.
In a biological context, the Index of Biotic Integrity, or IBI (Karr et al., 1986) , has become popular as a useful summary index. The original version of the IBI had 12 metrics that reflected fish species richness and composition, number and abundance of indicator species, trophic organization and function, reproductive behavior, fish abundance, and condition of individual fish. Over time, different versions of the IBI were developed for different regions and different ecosystems. The new versions, adapted to different ecosystems, retained the ecological structure of the original IBI metrics but altered the number, identity, and scoring of metrics. For these multi-metric indices, each metric is tested and calibrated to a scale and transformed into a unitless score prior to being aggregated into a multimetric index. Both the index and the individual metrics can be used to diagnose trends.
If we are serious about managing biodiversity, then perhaps we need to think about developing a similar summary metric. Summary indices will inevitably mask some important attributes of biodiversity and regional discrepancies, but if constructed carefully and interpreted cautiously, then they can lead to better decisions than will more accurate but cumbersome alternatives, by way of delivering a concise and compelling message. From a decision perspective, all that is needed for an indicator to be useful is reliable reporting of the direction of change (i.e. a reliable empirical relationship across a range of human influences and a reliable relationship with the endpoint), sensitivity to any key thresholds crossed, and sufficient accuracy to distinguish the relative ranking of (preference for) different policy options.
A useful biodiversity index would combine indicators into a single index of performance. It should flexible enough (like the IBI) to enable the use of different biodiversity indicators for different ecosystems and spatial scales. It should be possible to calculate the index at different geographic locations and scales: for a particular project footprint, a larger landscape or ecoregion, an ecosystem type, a province or state, or the nation as a whole. And it should be scalable: that is, it should be possible to aggregate across regions at different scales and subsequently disaggregate in order to diagnose the source of major trends or unmask hidden trends. (It is not obvious that the IBI, in its different forms for different regions and ecosystems, is scalable in this sense.) This approach allows both the presentation of a simple summary metric that can be used for communicating major trends and for making trade-offs with other social, economic or environmental objectives, and as well provides a basis for appropriate management action in response to observed trends.
It is again important to distinguish between indicators (or indices) used for monitoring and indicators used for decision making. The IBI has been useful for monitoring ecological status or conducting comparative analysis designed to inform conclusions about the impact of various policies (e.g. land uses) on biotic integrity. We are not aware of many applications in which it was used as a decision aid-that is, where the impact of alternative policies on the IBI was estimated before the decision was taken. In contrast it is not uncommon to estimate the impact of candidate economic policies on the GNP and use it as a criterion in decision making. We believe an index of forest biodiversity would be useful as a monitoring and reporting tool. As decision makers, we would also welcome efforts on the part of scientists and managers to develop an index that could be used to compare the biodiversity implications of candidate forest management policies.
Another important benefit of a forest biodiversity index is that it would facilitate learning over time. This is because a well-crafted biodiversity index could be treated as a set of hypotheses about the relationships among the indicators (index components). Where competing hypotheses would result in fundamentally different weights being assigned, sensitivity analysis can be done to test the sensitivity of the decision to the weights assigned. This would assist scientists in assigning priorities to study alternatives and help to prioritize monitoring programs.
Mistake 7: failing to link indicators to decisions
The indicators listed under Section 2.5 were proposed for use in evaluating the biodiversity impacts of an energy development project. A basic question is: Do these indicators address how approval of the project might affect biodiversity? A more general version of this question is: What management questions, and ultimately what decisions, are these indicators designed to inform?
In the proposed energy development project, there was to be a nearly complete obliteration of a relatively small footprint area for a period of fifty years, after which there were choices about the intensity and speed of reclamation. The only real decisions that had to be made were the following: † Is the biodiversity impact so severe that the project should be rejected? † Are there opportunities to mitigate important losses? † What reclamation strategy should be adopted?
Yet there is no direct way to go from the indicators to answers to these questions. Further, the indicators were not designed to help inform the decisions that could be made. They are largely insensitive to the factors that decision makers had control over (e.g. reclamation strategies) and included several factors over which the development project will have no impact (e.g. rate of disturbance by wildfire).
Once we recognize that these are the key questions (as opposed to how much timber to harvest from where, or in what size cutblocks), then the set of indicators that are necessary to make informed decisions often can be reduced greatly and the relative importance of the remaining indicators can be clarified more easily. Given the decisions that the regulator could make on the basis of the EIA (e.g. reclamation strategies, mitigation strategies, site relocation, etc.), a more useful set of indicators for this particular energy policy decision would probably be related to the amount of 'regionally critical' habitat affected (which might include several types, the designation of which would require some critical upfront thinking and expert judgment), the probability of full recovery after reclamation, and the time required for recovery. The remaining indicators might be useful for a regional long-term monitoring program (provided the hypotheses about relationships between indicators and endpoints were explicitly stated), but are not particularly useful for the regulatory decision about project approval. This example demonstrates the need for distinguishing between indicators for long-term monitoring and indicators for informing a specific decision.
Mistake 8: confusing value judgments with technical judgments
Setting priorities and making informed trade-offs across indicators requires both technical judgments and value judgments. These are distinct judgments, to be made (in most cases) by different individuals. Non-technical stakeholders should be asked to make only value judgments (for which they are qualified and informed) about biodiversity management options, not technical judgments (for which they are not qualified and informed). Technical experts should be asked to make technical judgments about the best way to achieve the expressed objectives of stakeholders, and although they legitimately should contribute their own values and objectives as one of many potentially affected parties, their views should not determine the agenda of concerns.
There is a tendency by scientists to assume that the findings of scientific studies will speak for themselves. However, they seldom do. The interpretation of the datarecognizing the lessons when they emerge and deciding what implications these lessons may have for the endpoints-is problematic. Scientists sometimes claim that interpretation is subjective and is the domain of values, but this is simply wrong. The interpretation of the data and what it means for specified endpoints is a technical judgment that should be made by scientists, with explicit attention to providing probabilistic assessments. Deciding what to do about it is a value judgment, reflecting the value-based weights assigned to different biodiversity objectives and, in the larger scheme, reflecting value weights assigned to biodiversity concerns as part of overall forest management objectives. The technical judgment often will be complicated by uncertainty, but that does not make it a value judgment. Again, it is deciding what to do about uncertainty that requires consideration of the values and risk tolerances of stakeholders (including, as one stakeholder group, the values and risk tolerances of scientists). However, informed value judgments and defensible trade-offs cannot be made until the range of impacts and the uncertainty associated with different consequences are characterized by technical experts.
2.9. Mistake 9: substituting data collection for critical thinking Consider this example. A new development (e.g. mine, harvest plan, road network, or urban development) is proposed and a monitoring program to track the impact of the development on biodiversity is being designed. The analyst is keen to be able to find indicators that can be quantified, and for which baseline information is available so that post-implementation effects can be discerned. The analyst reviews available information, discovers that an excellent data set on songbirds is available, and adds songbird abundance to the list of monitoring indicators. Here is the common mistake of counting what is easy to count and then mistaking what is counted for what counts. Suppose that songbird abundances drop after implementation of the project: is it safe to conclude that biodiversity has also dropped? Suppose the proponent sees that songbird abundance is on the list of monitoring indicators: Is it reasonable for the proponent to address biodiversity concerns by adding a songbird habitat enhancement program to the project? Letting data availability drive the selection of indicators is not only wasteful of precious monitoring resources, but misleading and potentially detrimental to the realization of biodiversity objectives.
Many decisions about biodiversity management (as well as other ecological management decisions) are currently made on the basis of a very small subset of available knowledge-the subset that is based on 'hard' data. In most situations, we are underutilizing the collective knowledge of scientists because we give insufficient attention to the information that resides in their heads and comes from experience and long familiarity with an ecosystem. What is needed in many cases is not more data collection, but more focused, critical thinking (Bunnell, 1998) . Scientists need to become familiar with the practice of formal expert judgment elicitations-structured interviews that help scientists to organize the knowledge that they have around critical problems, identify the key sources of uncertainty, and thus integrate the knowledge and judgment of experienced researchers and practitioners. In the parlance of expert judgment elicitations (Keeney and von Winterfeldt, 1991) , these steps require (a) working with identified experts to structure the problem, (b) decomposing a larger issue into its primary components, (c) eliciting probability distributions for these key aspects, and then (d) using this information as the basis for identifying areas of agreement and disagreement among the experts, and more accurately characterizing the uncertainty.
2.10. Mistake 10: oversimplifying: ignoring spatial and temporal trade-offs While we strongly advocate thoughtful reduction of long lists of indicators into smaller lists of priority indicators and summary judgments (Sections 2.4, 2.6, and 2.9), we see this as an exercise in critical thinking rather than simplification. The final mistake we wish to highlight is in fact oversimplification. There are complex dynamics and relationships in biodiversity management, at least some of which have the potential to affect decision quality and introduce spatial and temporal trade-offs, yet they are regularly overlooked in developing and using indicators.
Our first concern is related to the failure to account for temporal dynamics in forests and failure to consider crosstemporal trade-offs. Approaches considered to be desirable for improving biodiversity in one ecosystem or at one point in time may be undesirable and distinctly unsustainable in other ecosystems or at a different time in the same ecosystem. Consider coarse woody debris, which is an important structural element critical to biodiversity in coastal old growth forests of the Pacific Northwest but generally not a naturally occurring structural element in forest types subject to frequent fire. Yet in the Kamloops forest district of British Columbia, where burning has been controlled for many years, large amounts of coarse woody debris have accumulated, far more than would naturally be present if the natural fire frequency were allowed to occur. The large volume of coarse woody debris has become a key part of a contemporary vision of the ecosystem, and has been used to define biodiversity attributes of the ecosystem. However, those attributes should not be there; they are not sustainable in a fire-dominated landscape. This point is not new; Noss (1990) , for example, makes a similar observation. However, it would appear that not enough foresters or environmentalists are listening. In their enthusiasm to support biodiversity, they are oversimplifying and overemphasizing the role that biodiversity gains or losses mean for sustainable forest management (Section 2.3-biodiversity is only one of several contributors to sustainable forest management). Cross-temporal trade-offs exist; we may need to give up biodiversity in the short term (e.g. prescribed burn) to achieve better conformance with a natural disturbance regime (e.g. fire frequency), in order to achieve sustainable long-term levels of biodiversity. So, when comparing forest management initiatives using indicators of expected performance for biodiversity, the indicators must be explicit about the timescale over which they are assessed, and managers need to be cognizant of temporal trade-offs.
Several mistakes also are commonly made with respect to spatial scale. First, there is often (although there are exceptions) a failure to be explicit about scale in referring to and using indicators. Second, management prescriptions often fail to acknowledge that relevant endpoints and attributes may vary with scale; some things are emergent phenomena or attributes that are really only relevant at higher scales. Even when this is acknowledged, there is often no clear way to link stand-level indicators to national or international level indicators (Section 2.6). Finally, interactions or trade-offs across scales are often ignored. For example, given two management options, one that increases local biodiversity but has no effect regionally, and one that increases both biodiversity at both the local and regional scales, the latter would clearly have more value. An indicator based only on local biodiversity (e.g. the number of species per hectare locally) does not provide information about the latter (e.g. the number of species per hectare regionally) and could result in sub-optimal decisions.
The policy implications of thinking more clearly about scale are significant. Localized losses of biodiversity may be acceptable, if they are viewed in the context of a regional or national biodiversity management plan. Policy mechanisms such as 'No Net Loss' that have become commonly applied to fisheries habitat could be applied also to biodiversity. They would allow localized losses of biodiversity provided overall regional biodiversity was not reduced; indeed regional biodiversity could be enhanced if a ratio-based policy were adopted. Such an approach would promote a rational discussion about biodiversity conservation priorities at the micro and macro scale. Unless we are explicit about scale both in the definition and use of indicators and in the selection of management actions and acceptance of associated trade-offs, we can expect continued management confusion (managing to an ill defined endpoint) and sub-optimal biodiversity outcomes.
Implications for forest management
When we go visit the doctor and ask "what is my risk of heart disease", we do not expect the answer to be framed as a percentage of the target daily donut intake. Nor do we expect the answer to end with a report of dozens of indicators, some good, and some bad. Eating fewer donuts may be part of a sensible management strategy to reduce risk of heart disease, but it is not the answer to the question, "am I healthy?" A report of two dozen indicators may be an important part of the analysis process, but it is also not an acceptable answer to the question, "am I healthy?" Doctors it seems understand the need to take a complex thing, break it down into a relatively small number of indicators, and provide a summary judgment about the status of our health or the probability of recovery associated with alternative treatments. It seems reasonable to aspire to a day when we will be able to answer questions about biodiversity with a judgment about the status of biodiversity itself.
In a similar manner, the development of indicators as part of a forest management strategy that addresses biodiversity should begin with a decision process in which policy makers define the problem, set clear objectives and indicators of performance, identify alternative management strategies, assess the impact (and associated uncertainties) of alternative management strategies on each objective, and evaluate trade-offs. This logic leads to a small set of decision-focused questions: † How much and what type of biodiversity improvement is achieved under strategy A vs. strategy B? † Does this type of biodiversity improvement address the fundamental management objectives? † What are the costs (economic, environmental and social costs) of strategies A and B? † Does the incremental biodiversity improvement under strategy A justify its additional costs?
The discussion about which management strategy to select should be based on a discussion about the expected performance of each strategy (informed by science) and a discussion about trade-offs among objectives (informed by public values).
Biodiversity is a meta-concept, composed of many attributes. Each attribute should be mapped to an endpoint, and not all attributes of biodiversity will be equally important for each endpoint. Also, the importance of attributes will be context specific and time specific; there is not a universal set of attributes or weights. Frequently, the lack of high-quality data will require that expert judgments be used as the basis for developing these weights. Scientists may not shy away from making these judgments-they are our only means of making responsible choices and learning over time. Managers may not shy away from the tough issue of clearly articulating what is desired-a clear articulation of endpoints would provide scientists with much-needed guidance about which indicators to investigate. The clarification of endpoints and careful selection of indicators based on endpoints is relevant because on-ground forest management decisions often involve not just trade-offs between biodiversity objectives and other objectives (e.g. biodiversity vs. timber values, etc.), but also involve tradeoffs among attributes of biodiversity (e.g. preservation of keystone or charismatic species vs. maintaining broader species richness or diversity).
To make these trade-offs, decision makers need clear, concise information-a boiling down of long lists of indicators into a small number of bottom-line messages about how policy is likely to affect biodiversity. Policy alternatives then can be designed to deliver different levels of biodiversity protection at different levels of investment, and with different trade-offs among other objectives. The weighting of individual indicators, and their aggregation into relevant indices of biodiversity, will enable policy makers and stakeholders to have a clear indication about forest-management performance with respect to biodiversity objectives. This information also will help to facilitate an open and informed public debate about the management alternatives and the associated trade-offs, with values information coming from a broad-based group of key stakeholders but with the judgments of scientists used to interpret what the data likely mean for the specified endpoints. If data quality is low, then a monitoring program should be designed to help inform future decisions. To make this effort most effective, every indicator that is monitored should be linked to an hypothesis about how it is expected to be affected by a policy and how it, in turn, affects an endpoint that people care about.
Clearly this framework for developing and making use of biodiversity indicators has gaps. The fundamental questions of what the components of the indices should be are unanswered. The task of forming hypotheses and weighting individual components is formidable. Designing and implementing a hierarchical, scalable system of indicators/indices is breaking new ground. But the continued failure to do this-or something like it, something other than the far too-common current practice of coming up with long lists of indicators that have little structure or priority and no clear ability to track how different policies will affect biodiversity endpoints-will relegate scientists, and their biodiversity research, to irrelevance. To continue current practice is to continue mixing means with ends, judging our progress by our conformance with standards set without reference to either objective science or public values.
